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^ (54) Title: TITANIUM DIOXIDE SLURRIES HAVING IMPROVED STABILITY 

(57) Abstract: The present invention provides slurries and methods of making slurries having improved stability comprising below 
about 78 weight-percent rutile titanium dioxide based on the total weight of the slurry, an amorphous alumina compound surface 
treated titanium dioxide, a polyaicrylic acid dispersing agent having a molecular weight in the range of from about 2,000 to about 
5,000 that is neutralized with a neutralizing agent having a monovalent group, and water, wherein the slurry has a pH of from about 
6 to about 8. The slurries of the present invention resist gel formation. 
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Titanium Dioxide Slurries Having Improved Stability 

This application claims the benefit of the filing date of Application No. 
09/639,860, filed August 16, 2000, entitled "Titanium Dioxide Sluiries Having 
Improved Stability" this entire disclosure is hereby incorporated by reference into the 
. 5 present disclosure. 

BACKGROUND 

Titanium dioxide (TiOa) pigments are important pigments in the manufacture 
of paints, plastics, coatings and paper laminates. Titanium dioxide (TiQz) is produced 
commercially in two crystalline polymorphic forms, namely the rutile form which can 
10 be produced by both the chloride^and sulfate processes and the anatase form which is 
produced by the sulfate process. Both of these processes are well known in the art. 
Generally, in the "chloride" process, rutile crystal is produced while in the sulfate 
process, both rutile and anatase crystals can be produced. 

15 With regards to rutile Ti02. it is known to add volatile aluminum compounds 

in the oxidation reaction of titanium tetrachloride (TiCU), primarily to increase the 
rutile content of the Ti02 pigment being produced. Typically, the amount of : 
aluminum compound added is sufficient to form about 1 to 1.5 weight-percent 
alumina based on the TiOi pigment, and this amount helps a,chieve greater than 99 

20 weight-percent rutile in the pigment. The resulting TiOa froin the oxidation reaction is 
then subjected to certain finishing and grinding treatments depending on the desired 
type of final Ti02 pigment product 

FMshing and grinding treatment often involve the steps of: a) dispersing the 
25 TiOi particles in an aqueous me^um to form a slurry having a relatively low Ti02 
solids concentration; b) precipitating hydrous inorganic oxide coating, such as for 
example, Nomina, silica and/or other compounds, onto the surface of the Ti02 
particles; c) recoveriiig the inorganic oxide surface-treated Ti02 particles from the 
aqueous medium by filtering; d) washing the Ti02 particles to remove by-product salts 
30 and impurities; e) drying the washed Ti02 pigment particles; f) dry-grinding the dried 
Ti02 pigment particles to a desired particle size using a fluid-energy mill, arid 
optionally, if an aqueous Ti02 pigment slurry is desired, g) dispersing the pigment 
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product in water to jproduce a sliirry typically having a TiOz solids content of below 
about 78 weight-percent. 

.The titanium dioxide may be finished depending on the end-use application 
(i.e., paint, plastic etc). For example, some finishing steps involve wet surface 
treatnlents with other inorganic metal oxides, such as alumina, silica, phosphate, CeOz 
and the like, for processibility and/or final applications as known in the art. The 
surface treatment steps then follow by drying aad grinding. These steps will give the 
finished pigment the desired particle size, distribution and properties. 



Generally, coilcenlrated rutile TiOa slurry products are made by dispersing the 
finished pigment ptoduct in water to produce a slurry having a TiOa solids cdiiterit 
below about 78 weight-percent. Slurries with solids contents greater thiaii 78 weight- 
perfect typically exhibit negative effects on stability arid bfher physical jwxiperties (i.e. 
15 difficultly pumpingi flocctilation, gellatiori aiid poor or no fluidity over time). 

Sltiiry stability iriay be further reduced when the rutile TiOa is treated with an 
inorganic oxide such as amorphous alumina. Dispersarits are often added to such 
slurries tb itiake it maintain viscosity aaid storage stability so that it can easily be 
20 handled durilig tf sJrispdrt firoiri the TiO^ nianufacturers to iho custofaef s. However, 
sbhie prit)f art sliirries, evieh with disp^^ants, tend to gel during cbhvferitional storage 
making th^ difficult to pump and trans 

Based 6n the foiegding. there is a need for titanium diokide slurries having 
25 imjHrdved stability which are useful ifi the manufacture of paper laminates, plastic, 
paint and other Coatings systems.. 



StJMMARY CiP TRF. TtSryENllDN 
The pr6dbht ihveiitibn relates to photbdurable slitoies haviiig improved 
30 stabiUty that cdmpriise: i) below ab^ 

on the total weight of the slurry, with a surface treatment comprising an ambiphous 
alumina compouxid; ii) a polyacrylic acid dispersing agent having a weight average 
molecular weight (Mw) in the range of from about 2,000 to about 5,000, that is 
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neutralized with a neutralizing agent having a monovalent group, and iii) water, 
wherein the slurry has a pH of from about 6 to about 8. 

Compared to prior art slurries, the slurries of the present invention exhibit 
5 improved stability and a reduced tendency toward gellation over time. Accordingly, 
one advantage of the stable slurries of the present invention is that they can be easily 
handled and transported to other sites such as a paper laminate manufacturing 
facilities, while they rnaintain free flowing and pumpable characteristics. 

10 In another embodiment, the present invention provides methods of making 

slurries having improved stability comprising mixing mtile titanium dioxide, surface- 
treated with an amorphous alumina compound, with water and a pplyacrylic acid 
dispersing agent having a molecular weight in the range of from about 2,000 to about 
5,000 under conditions so as to fonri the slurry, wherein the dispersing agent is 

15 neutralized with, a neutralizing agent having a monovalent group, the rnixing is 
performed at a pH of from about 6 to about 8 and wherein the rutile titanium is 
present in an amount below about 78 weight-perx:ent based on the tptal weight of the 
slurry. 

20 . , The unproved stable slurries of the present invention enable many end-use 
improvements and expand the limits within which rnany end users, such as paper 
manufacturers, were heretofore required to operate. 

TOTTATT KD DESCRIPTION OF TBHF TTSTinRTSTTlON 
25 la preparing the preferred^embodiments of the present invention, yaripus 

alternatives may be used to facilitate the objectives of the inventipn. These, 
embodirnents are presented to aid in an understanding of the invention and are not 
intended to, and shpiUd not be construed to, linodt the invention in OTy way. All 
alternatives, modificai^ons and equivalents that may bpcome pjbyious to those of 
30 ordinary skill upon a reading of the present disclosure are included within t^ie spirit 
. . arid scope of the present invention. 
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Titanium Dioxide Slxxiries 

The present invention provides slurries with improved stability. Slurries of the 
present invention can be shipped to manufacturers for use in the making of products, 
such as paper laminates, paints, and coatingis, or for use in other pigmentary 
5 applications. Alternatively, the slurries can be subjected to further processing such as 
Wet milling, for example in a saridmill or a horizontal media mill, to provide a slurry 
with a more desirable mean pigmentary particle size or other attribute. 

Slurries of the present invention have been observed to be, when subjected to 
10 further processing, iriore easily processed than prior slurries. The slurries of the 
present invention have improved stability properties and are more readily pvmiped, 
dispersed, show reduced tendency to fickjculate or gel and maintaiti fluidity over time. 
These latter properties can be attributed to a number of factors including solids 
content, pH of the slurry aiid the dispersarit used. 

15 

The present invention provides slurries of rutile TiOa having below about 78 
Weight-percent solids content. Slurries with solids content greater than 78 weight- 
percent kre typically unstable and ishow increased tehdeiicy to gel and do nbt maintain 
flxiidity over time. Slurrieis of the present invention have a solids cd>iitOTt prefeiably in 
20 the i^ge df about 65 weight 

didxidb based oii the tdtal weight of the sluny. Slurries With TiOzConii^enti^tidns 
lower th^ this range tend to seMe on stanctiiig. 

Titahiuni dioxide used in niaking the slurry is produced commercially in two 
25 crj^taDine forms, n£iniely the rutile form which is usuially prbduced by the chloride 
and siilfatb pirbces^es; and the anatase fbrin which is usrtially produced by the siiifate 
proiE^s. Berth of (hesie well kriowii processes are geherMly described in tf.S. Patent 
No. 2,559,638 this basic description is incorporated herein by Reference. The present 
invration is applicable to rutile Ti02. 

30 

Preferably the titanium dioxide is surface treated with an amorphous alumina 
compound to enhance the photcdurability of the pigment. There arb nunierous surface 
treatment processes known to those skilled in the art. One particularly preferred 
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surface treatment is wet-treatment with metal oxides, such as for example, alumina 
and phosphate. 

Suitable amorphous alumina compounds useful for surface treatment of the 
5 titanium dioxide include water soluble alkali metal aluminates, such as for example, 
jamorphous sodium or potassium aluminate, aluminum sulfate or aluminum chloride. 
Most preferably, the water soluble alumina compound sodium aluminate. 

The weight percent of the amorphous alumina compound can vary depending 
10 on the amount of amorphous alumina substantially coating the titanium dioxide. 
Preferably, the amorphous alumina compound comprises below about 5.5 weight- 
percent alumina from wet treatment of the titanium dioxide based on the total weight 
of titanium dipxide. More preferably, the amoiphous alumina compound comprises 
from about I weight-percent to about 5 weight-percent amorphous alumina. 

15 

Optionally, the titanium dipxide used in nialdng the slurry can be surface 
treated with a phosphate conpipound as well. Phosphate compounds include water 
soluble phosphate compounds capable of coating the rutile titanium dioxide under the 
op^r^ting conditions en^loyed. Suitable phosphate compounds for use in the present 
20 inyentipn include tetrapotassium pyrophosphate, sodium polyphosphate, tetrasodium 
pyrophosphate (Tetron spdimn tiipolyphosphate, potassium Mpolyphosphate, 
spdiiun hexantietaphosphate (Calgon*"^), phosphoric acid, and the like. Most 
preferably, the water soluble phosphate compound is phosphpiic acid. 

25 The weight percent of the phosphate compoimd pan vary djepending on the 

layer of phosphate desired. Preferably, the phosphate compound comprises froin about 
, 0.2 weig^trpercent to about 3,0 weight-percent P2O5 basctd on the weight of titanium 
dioxide. 

30 It will be understood by those skilled in the art that other inorganic metal 

oxidps (e.g. hydrous metal oxides) can also be used to substantially coat the titanium 
dioxide. Some examples; of suitable inorganic metal oxides include silica, zirconia. 
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CeOa and the like. These metal oxides can be used in a wide variety of weight-- 
percentages easily determined by those skilled in the art. 

In the most preferred embodiment of the present invention, the titanium 
5 dioxide pigment comprises rutile titanium dioxide treated with a high level of P2O5 
and amorphous alumina. Such a pigment is available from Millennium Inorganic 
Chemicals, MD, USA under the name TiONA® RCL-722. 

SiuiTV Dispersing Agents, pH and Viscosity 

10 The Ti02 slurries of the present invention include a dispersing agent to aid in 

viscosity, dispersibility, stability and resistance to flocciilation. Suitable dispersing 
agents include pblyacrylic acid. As used herein, polyacrylic a:cid includes polyacrylic 
acid derivatives. Some examples of pblyacrylic acids airid/br derivatives thehreof 
include polyacrylic acid hoinopolymers, polyacrylic acid copolymers, and noixtures 

15 thereof. Preferably, the acrylic acid homopolymers aiid atcrylic acid copoiyniers of the 
ptesent inv^tibn include at least one condoiiomer seleicted frbin the group cbrisisting 
of maieic acid, methacrylic acid, itaconic add, crotonic acid, fumaric acid, 
aci^lianiide, aciylbnitrile, ethylene, propylene, styrene aiid esters of the above acids, 
wherein the hbmbpolymeirs or copoiyniers hiave been piartially of completely 

20 iie^utiMzed with a fieutfalizmg aigeht hkvmg a mbiibvalent groUfi. The^e dispersants* 
can be present in ambufite tip tb abbut 5 weight-pefceht. iftef etably , ffie disji^ 
are present in amounts of fironi abbut 0.05 tb about 1 weigJit-^i>CTce(rit, ihote preferably 
from about 0.2 to about 1 of 2 wei^t-percbrit; and most preferably from about 0.2 to 
about O.S w^ght-percent based on the total weight of titanium dioxide. 

25 ' ' ■ ■ 

fteferred polyacrylic abid dispdrsaiits or derivativfcs therebf iiisbful in the 
pracdc6 bf the pf esieirit invehtibn are produced by knbwh pixJcds'ses of pbiynierization. 
These dispdfsants iaie rdore fully described iii U- S. Pateiit No. 5,746^819, Which 
disclosure iii full is incorporated herein by refereince. 

30 

The dispersing agent has an average molecular weight (Mw) in the range of 
froni about 2,000 tb about 5,000. Preferably, the dispersing agent hais been partially or 
completely neutralized with a neutralizing agent having a moiiovalent grbUp. The 
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neutralizing agent comprising the monovalent group includes groups selected from 
alkali metal cations, ammonium, aliphatic or cyclic primary, secondary or tertiary 
amines. The most preferred monovalent cations are sodium and/or potassium. 

5 The desired degree of neutralization can be achieved by neutralizing the 

polyacryhc acid dispersant or derivative thereof with the neutralizing agent. The 
polyacrylic acid dispersant or derivative thereof has acid sites which can be partially 
or completely neutralized with the neutralizing agent. Accordingly, one or more 
neutralizing agents having monovalent cations, such as. for example Na or K ions, can 
10 be rnixed in appropriate portions. 

ISfon-polyacrylic acid derived dispersing agents have been found to suffer from 
several shortcomings, most notably, poorer than desirable viscosity, stability, foaming 
tendencies and a tendency to flocculate in their usage applications when compared to 
15 polyacrylic acid dispersants. Accordingly, the slurries of the present invention exhibit 
improved stability. Some improved stability properties include improved fluidity, 
viscosity, pumpability, dispersibility and reduced tendency to flocculate or gel over 
tinae. 

20 For exanpLpIe, observed improvements in slurry stability include reduced 

tendency to gel over preferably, at least about 5 days, more preferably, at least about 
20 d^ys and most preferably, at least about 30 days. Such improved properties are due 
in part to the polyacrylic acid clispersant as well as the pH of the slupy. 

25 Slurries of the present invention have a pH value preferably below about 8, 

and most preferably, from about 6 to about 8. The pH of the slurry is important. 
Slurries at high^ or lower pH ranges tend to be wstable and show incr^sjsd tendency 
to gel oyer time. TTipugli the deslr^ed pH for any sliirry depends on fliie ftaaj us^ of the 
sluny, high solids rutile slurries at pH values from about 6 to about 8 are especially 

30 advantageous. 

The slurries produced by methods of the present invention can have viscosities 
spanning a wide range depending on the use of the slurry and the processing 
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conditions and equipment that it will be subjected to (e.g. pumping, mixing, milling, 
filtering). The slurries of the present invention generally terid to become not readily 
pumpable at a Brookfield viscosity much greater than about 1500 cps, slurries having 
a Brookfield viscosity of less than about 1500 cps are preferred, more preferred are 
5 slurries with a Brookfield viscosity of less thaii about 1000 cps. At very low 

viscosities, rutile TiOi tends to unduly settle out of the slurries. Thus, slurries having 
Bfookfield viscosities of between about 200 to about 1000 cps are most preferred. For 
purposes of the present application all Brookfield viscosities are given as measured 
using a Mddel LVT Brookfield viscometer with a number 3 spindle revolving at 60 
la ipin: 

Preparine the Slurries 

Trtie present iriventidri further relates to method^ of Inaking slurries having 
itUproved stability. The methods involve mixitig rutile titanium dioxide stirface- 
15 treated with ian amdrphous alunoink compound, water and a polyacrylic acid dispersing 
agdiit having a molecular v/eight in the range of fi-orn about 2,000 to abblit 5,000 
under conditions so as to form the slurry. The dispersing agent is netitralizbd with a 
neutralizing ageilt havihg a monovalent group and the mixing is performed at a pH of 
fi:5m about 6 to about 8. 

20 

Slurries df titanium dioxide cm be noade by miethods wiell khowti ixi tiie art. 
As discussed above, the T1O2 solids cbiitent is about 65 weight-percerit to about 78 
weight-percent rutile titanium dioxide based on the total weight of the slurry, with 
solids cdfitehts in the range of abdiit 65 weight-peitehf to abdiit 75 weight-percent 
being preferred. TlKe titmiitm dioxide is isiu^ 
opiddfially a i>ho^phate. 

iti one embodiment of the preisbnt invention, slurries havihg iitiprdved stability 
are prepared by mixing titanium dioxide surface treated with amorphous alumina, 
30 water, and a polyacrylic acid disp^ihg agent having a monovalent group as discu^^ 
above: tap water or deidliized water can be used for the ihbthod of the invention. 
Preferably, the mixing of the slurry is achieved using a Cdwles blade oiti a mixer 
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of suitable horsepower. More preferably, the mixing includes adequate mixing to 
break up agglomerates. The most preferred mixing is high shear mixing. 

Preferably, the pH of the slurry is from about 6 to about 8. The pH of the 
5 slurry can be adjusted to this desired pH range using methods known in the art. For 
example, if adjustment of the pH of the slurry becomes necessary, such adjustments 
can be made by simply adding the polyacrylic acid dispersing agent, a suitable acid or 
suitable base. Suitable acids include water soluble acids such as hydrochloric acid, 
sulfuric acid, phosphoric acid, nitric acid, and the like. Suitable bases include water 
10 soluble alkaline bases such as ammonia, sodium hydroxide or other suitable alkaline 
compounds. 

In the most preferred embodiment of the present invention, the Ti02 slurry 
having improved stability is produced by introducing the polyacrylic acid dispersing 
15 agent into water, adding the TiOi surface treated with an amprphpus alumina under 
adequate mixing to break up agglomerates thereby producing a uniform, non-gelling 
slurry. 

It is known or readily determinable by those skiUed in the art that siiitable 
20 conditions to form the slurry include parameters, such as for example, mixer settings, 
mixing and addition tibtnes, etc. Th<es6 parameters can be adjusted or maintained at a 
range that .will facUitate preparation of the slurries of the prp^qnt inypndon. 

The followingjex^oGyples are presented to md in aa iradcrstmding; of the present 
25 invention arid are not intended to, arid should not be comtruied to, limij the invention 
in any way. All alternatives, modifications and equivalents that nuiy bocQine obvious 
to those of ordinary skill in the art upon a reading of the present disclosure are 
included mthin the ispiii^^^^ 

30 EXAMPLES 

The examples below demonstrate, among other things, that the slurries of the 
present invention have improved stability. The slurries of the present iiiyention 
produced at pH from about 6,0 to about 8.0, using a polyacrylic acid dispersant having 
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an average molecular weight in the range of from about 2,000 to about 5,OdO resist gel 
fonnatioh. 

EXAMPLE 1 

5 750 grams of tap water and 20 grams of AIcosperse-149 solution (40% active 

sodium polyaciylate, Mw: 2500, from Alco Chemical, TN) were mixed together in a 
2000 mi plastic beaker for 5 minutes 1000 rpm using a model 90 Premier Lab 
Dispersatdr equipped with a 2 inch Cowles blade. 2000 grams of titanium dioxide dry 
pigment CTiONA® RCL-722 contiains P2O5 and amorphous alumina based on weight 
10 of pi^ent^ available from Millennitam Inorganic Chemicals, MD) were slowly added 
at 1500 rpin. The slurry was mixed at 2000 ipm for 5 minutes. The solids were 
adjusted to 72.5%. Initial slurry viscosity was 366 and pH was 7.35. Slurry viscosity 
is below 1006 cps after 30 days and no gelling was observed at this time. 

15 EXAMPLB2 

750 grams of tap water aiid 17.78 grams of Nairlex LD29 (polyacrylic acid 
hbMbJblymer-45 % active, Mw: 2000, commercially available from Alcd Chemical, 
Tt^ SoiMori Were Mxed fOgfe^^ ml plastic beal&r fot 5 miiiiile^ lOOO ipm 

liisiiig ^ Mdd^l 90 Keiiu&^^ eqiupped vWth a 2 ii^^^ blade, 

20 2000 ^i^Eia^ ti^amufri dioxide dry pigment (JRCL-722) were slbWly add5fed at 1500 
rpm. The slurry was inixed at 2000 ipm for 5 minutes, tte wlids* were a^^ to 
72.5%. Mtiid slurry viscosity was 292 cps and pH was 7.28. Slurry viscosity was 
below 1000 cps after 20 days iand no gelling was observed at Hus time. 

25 EXAMPLES 

750 grams of tfiip water and 16 grains of Tamol 1 124 (functibhalizesd 
pblyaci^lic acid copolymer--50% active, Mw: 2200, available frbiri Rohm & Haas Co, 
PA) solutibh were mixed together in a 2000 mi plastic beaker for 5 foiriutes 1000 rpm 
using a iilddel 90 Premier Lab Dispersator equipped with a 2 inch Cowles blade. 

30 2000 grams of titanium dioxide dry pigment (RCL-722) were slowly added at 1500 
rpm. The slurry was mixed at 2000 rpm for 5 minutes. The solids were adjusted to 
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72.5%. Initialsluny viscosity was 365 cps and pH was 7.19. Slurry viscosity was 
below 1000 cps after 20 days and no gelling was observed at this time. 

EXAMPLE4 

5 750 grams of tap water and 22.9 grams of Tamol 1254 (functionalized 

polyacrylate copolynoLer-50% active, Mw: 3500, available from Rohm & Haas Co, PA 
Mw: 3500) solution were mixed together in a 2000 ml plastic beaker for 5 minutes 
1000 ipm using a model 90 Premier Lab Dispeisator equipped with a 2 inch Co wles 
blade 2000 grams of titanimn dioxide dry pigment (RCLr-722) were slowly added at 

10 1500 rpm. The slurry was mixed at 2000 rpm for 5 minutes. The solids were adjusted 
to 72.5%. Initial slurry viscosity was 390 cps and pH was 7.36. Slurry viscosity was 
below 1000 cps after 20 days and no gelling was observed at this time. 

COMPARATIVE EXAMPI:E A 
750 grams of tap water and 12.5 grams of Alcosp6rse-149 solution were mixed 
15 together in a 2000 ml plastic beaker for 5 minutes 1000 rpm using a model 90 Premier 
Lab Dispersator equipped with a 2 inch Cowles blade. 2000 grams of titanium 
: dioxide dry pigment (RCL.722) were slowly added at 1500 rprn. The slurry was 
inixed at 2000 rpm for 5 minutes. The pH of the sluny was adjusted to 8.6 with 50% 
NaOH solution. Initial sluixy viscosity was 370 cps, but gelled after 1 day, and 
20 remained gelled after 20 days. 

COMPARATIVE EXAMPIjE B 
750 grams of tap water and 12.5 grams of Alcosperse-149 solution were mixed 
together in a 2000 ml plastic beaker for 5 minutes 1000 rpm using a model 90 Premier 
25 Lab Dispeisator equipped with a 2 inch Cowles blade. 2000 grams of titanium 
dioxide dry pigment ^CL-722) were slowly added at 1500 rpm. The slurry was 
mixed at 2000 rpm for 5 minutes. The pH of the slurry was adjusted to 8.5 with 2- 
amino-2-mythyl--l-propanol (AMP-95). Initial slurry viscosity y/as 334, but gelled 
within 1 day, and remained gelled after 20 diays. 



30 
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CQMPARATLVE EXAMPLE C 
750 grains of tap water and 2.1 grams of 2-anuno-2-inythyH-prbpanol 
solution and 6 grams of TECPP (tetrapotassium pyrophosphate-100% active, Canada 
Colors and Chemical Limited, Ontario) were mixed together in a 2000 ml plastic 
beaker for 5 minutes 1000 rpm using a model 90 Premier Lab Dispersator equipped 
with a 2 inch Cowles blade. 2000 grams of titanium dioxide dry pigment (RCL-722 
from Millehnium Inorganic Chenaicals) were slowly added at 1500 rpm. The slurry 
was mixed at 2000 rpm for 5 minutes. Slurry initial pH was 7.77 and the viscosity 
was 600 cps, but gelled within 1 day, and remained in a gelled state after 20 days. 

COMPARATIVE EXAMPLE D 
750 grams of tap water and 22,9 grams of Tamol SG-1 (Mw: 13,000, 
functionaUzed polyacrylate copolymer-50% active,) solution were mixed together in a 
2000 ml plastic beaker for 5 minutes 1000 rpm using a model 90 Premier Lab 
Dispersator equipped with a 2 inch Cowles blade. 2000 grams of titanium dioxide dry 
pignient (RCL-722) were slowly added at 1500 rpm. The slurry was mixed at 2000 
rpm for 5 ininutes. The solids were adjusted to 72.5%, Initial slurry viscosity was 
1660 cps and pH was 7. 1 . Slurry geUed within 1 day and remained in a gelled state 
after 20 days. 

COMPARAT IVE EX AMPt K P. 
75b grams of tap water and 26.7 grams of Tamol 901 (Mw: 12,000) solution 
were mixed together in a 2000 ml plastic beaker for 5 minutes 1(XX) ipm using a 
niddel 90 Premier Lab iJispersator equipped with a 2 inch Cowles blade. 2000 grams 
of titanium dioxide dry pigment (RCL-722) were slowly added at 1500 rpm. The 
slurry was mixed at 2000 rpm for 5 minutes. The solids were adjusted to 72.5%. 
Initial sltory viscosity was 502 cps and pH was 7.48. Slurry gelled aftesr 3 days and 
remained in a gelled state. 

While the invention has he&n described in connection with specilBc 
embodiments tiiereof, it will be understood that it is capable of further modifications 
and this application is intended to cover any variations, uses, or adaptations of the 
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invention following, in general, the principles of the invention and including such 
departures from the present disclosure as corne within loipwn or customary practice 
within the art to which the invention pertains and as may be applied to the essential 
features hereinbefore set forth and as foUows in the scope of the appended claims. 
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\mAt IS (CLAIMED; 

1. A slurry having improved stability comprising: i) below about 78 weight-percent 
rutile titanium dioxide based on the total weight of the slurry with a surface treatment 
comj)risirig an amorphous alumina compound, ii) a polyacrylic acid dispersing agent 
having a inolecular weight in the raiige of from about 2,000 to about 5,000, that is 
neutralized with a neutralizing agent having a monovalent group, and iii) water, 
wherein the slurry has a pH of from about 6 to about 8. 

2. A sltiixy according to claim 1, wherein the slurry coniprises froiii about 65 weight- 
percent to about 75 weight-percent rutile titanium dioxide, 

3. A slurry according to claim 1, wherein the polyacrylic acid dispersing agent is 
selected from the group consisting of polyacrylic acid homopolyniers, polyacrylic acid 
cdipolymers, and mixtures thereof. 

4. A slurry accbrding to clmin 5, wherein the dispersing agent coriipriseis a polyacrylic 
acid hoinopolynler or copolymer comprising at least one coinohdmei^ selected iFrom 
the group consisting of maleic acid, methacrylic acid, itaconic acid, crbtonic acid, 
fttiiiaric acid, adrylamide, actyl6nifiile, ethylene, propylene, styrene and esters of the 
acids, wherein the homopolymer or copolymer has been partially of completely 
neutralized with a neutralizing agent having a monovalent group. 

5. A siuiiy accordirig to claim 4, wherein the dispersing agent comprises an amidimt 
of from about 0.2 wieiight-pi&rceiit to about 2.0 weight-percent based oh the total 
weight of titanium dioxide. 

6. A sliliry acbording 1x> dlaim 4, whereiii the dispersing ag^t comprises an amount 
of from abdiit 0.2 wei^t-peicent to about 1.6 weight-percetit based on the total 
weight 6f titsihiuhii didxid6. 
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7. A slurry according to claim 4, wherein the dispersing agent comprises an amount 
of from about 0.2 weight-percent to about 0.5 weight-percent based on the total 
weight of titanium dioxide. 

8. A slurry according to claim I, wherein the amorphous alumina compound 
comprises below about 5,5 weight-percent alumina frona wet trieatnient of the titanium 
dioxide based on the total weight of titanium dioxide. 

9. A slurry according to claim 1, wherein the amorphous alumina compound 
comprises from about 1 weight-percent to about 5 weight-percent alumina from wet 
treatment of the titanium dioxide based on the total weight of titanium dioxide. 

10. A slurry according to claim 1, wherein the titanium dioxide is treated with a 
phosphate compound 

11. A slurry according to claim 10, wherein the phosphate compound comprises from 
about 0.2 weight-percent to about 3.0 weight-percent P2O5 based on ttie weight of 
titanium dioxide. 

12. A slurry according to claim 1, wherein the slurry has a BrpokfiLeld viscosity of less 
than 1500 cps. 

13. A slurry according to claim 12, wherein the viscosity is less than 1000 cps- 

14. A sluycry according to claiin 12, wherein the viscosity is from about 200 to about 
1000 cps. 

15. A method of maMng a slurry having improved stabiU^ cqnapiising i) ipixing 
lutile titamum dioxide surface treated with an amorphous aluim^ 

ii) water, aiid iii) a polyacrylic acid dispersing agent haying a molecular wei^t in the 
range of from about 2,000 to about 5,000 under conditions so as to form the slurry, 
wh^in the dispersing agent or derivative thereof is neutralized with a neutraHidng 
agent having a monovalent group, the mixing is performed at a pH of from about 6 to 
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about 8 and wherein the rutile titanium dioxide is present in an amount below about 
78 weight-percent based on the total weight of the slurry. 

16. A method according to claim 15, wherein the slurry comprises from about 65 
weight^percent to about 75 weight-percent rutile titaniimi dioxide based on the total 
weight of the slurry. 

17. A method according to claim 15, wherein the dispersing agent comprises an 
amount of from about 0.2 weight-percent to about 2.0 weigjit-percent based on the 
total weight of titanium dioxide. 

18i A method according to claim 15, wherein the dispersing agent comprises an 
aixidimt of from about 0.2 weight-percent to about 1.0 weight-percent based on the 
tdtdl weight of titanium dioxide. 

19. A method according to Claim 15, wherein the dispersing agent comprises an 
amount of from about 0.2 weight-percent to aboiit 0.5 weight-percent based on the 
totial wed^t of tit^ium dioxide. 

.20. A method according to claim 15, wherein the polyacrylic acid dispersing agent is 
selected from the group consisting of polyacrylic acid hdmopolymers, polyacrylic acid 
cdpolymets, aiiid inixtures thereof, 

21. A liMithbd according to claitn 20, wherein the dispersing agent is a polyacrylic 
acid hbinppplymer of copolymer comprising at least one comonomer selected from 
the group cbhsistiiig of maleic acid, methacrylic acid, itaconic acid, crotoiiic acid, 
fiimaric acid, acrylaxnide, acrylonitrile, ethylene, propylene, styrene and esters of the 
acids, wherein the homopolymer or copolymer has been partially or completely 
neutrali2»d with a neutralizing agent having a monovalent group. 

22. A method according to claim 15, wherein the aiiiorphous alitmiha compound 
comprises below about 5.5 weight-percent alumina from wet treatment of the titanium 
dioxide based on the total weight of titanium dioxide. 
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23. A method according to claim 22, wherein the amorphous alumina compound 
comprises from about 1 weight-percent to about 5 weight-percent alumina firom wet 
treatment of the titanium dioxide based on the total weight of titanium dioxide. 

24. A method according to claim 15, wherein the titanimn dioxide is treated with a 
phosphate compound. 

25. A method according to claim 24, wherein the phosphate compound comprises 
from about 0.2 weight-percent to about 3.0 weight-percent P2Q5 based on the weight 
of titanium dioxide. 

26. A method according to claim 15, wherein the slurry has a Brookfield viscosity of 
less than 1500 cps. 

27. A method according to claim 26, wherein the viscosity is less than 1000 cps. 

28. A method according to claim 26, wherein the viscosity is from about 200 to about 
1000 cps. 

29. A method of making a slurry having improved stability, comprising the steps of: 
a) mixing a polyacrylic acid dispersing agent having a molecular weight in the range 
of from about 2,000 to about 5,000, wherein the dispersing agent is neutralized with a 
neutralizing agent having a monovalent group in water to form a mixture; b) adding 
below about 78 weight-percent titanium dioxide surface-treated with an amorphous 
alumina to the mixture under conditions to form the titanium dioxide slurry having 
improved stability, wherein the slurry has a pH of from about 6 to about 8. 



30. A method according to claim 29, wherein the mixing is high shear mixing, 
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